    This definition, however, is not valid for dispersive and lossy systems (e.g. plasmonics). Following a framework developed by Raman et al. (60) , we revisit the definition of mode volume for a system with dispersive materials. Assuming the dispersive materials are noble metals 
Therefore, the resonance shift induced by the molecule as compared to the cavity full-width halfmaximum (FWHM) is Purcell V for biosensing applications. Therefore Qη/Ṽs is a dimensionless factor, which can be compared among different micro-nanophotonic platforms, as summarized in table S1.
Electro-static calculation of plasmonic enhancement
The strong local field enhancement from nanoparticle (both resonantly and non-resonantly) can be understood by a nanoparticle-dielectric plane model, which can be solved analytically in the electro-static limit. As is illustrated in fig. S2A , consider the case a nanoparticle of radius a and permittivity εm is placed in water (ε1=1.7) in the upper half space 0 z  . The other half plane ( 0 z  ) is silicon (ε2=12.25). Consider a uniform electric field E0 is applied along the z direction. We use bispherical coordinates ( ,,    ). The boundary is then at 0   (silicon plane surface) and 0   (gold nanoparticle surface). We expand the general solution using Legendre polynomials: 
The recursive equation is then solved numerically with method developed by J. Love (61). The electric field can be derived as
, which has a large enhancement over E0 at small nanoparticle-plane gaps (gap size = 0 cos aa   ). We define the enhancement factor 2 0
In the antenna-in-a-nanocavity system, the nanoparticle at the central corner of the photonic crystal nanobeam cavity (Fig. 1H ) decreases the mode volume of the bare photonic crystal nanobeam cavity by a factor of F, according to the volume definition. In the presence of loss, F is a complex number. Thus temperature will also be increased, which scales with Im(F). Comsol multiphysics simulation is used (described in the next section) to obtain the temperature increase at a chosen frequency, at the input power level. Scaling factor Im(F) is then used to obtain temperature increase across a large wavelength range. Quantum tunneling occurs at a gap size on the order of 0.5 nm (62, 63), at which point the above classical electrostatic calculations fail. In addition, the nonlocal effect will start to have significant effect on the field enhancement and mode wavelength at the gap size below 1 nm (64, 65) . Considering a monolayer of 11-MUA is coated on the gold nanoparticle, we assume a ~1 nm gap between the nanoparticle and the silicon plane and apply the classical electrostatic model to our system. Advanced theoretical calculation should consider the nonlocal effect and quantum effect (66-68). As shown in fig. S2 , B and C, the enhancement factor at our current operating wavelength (~1500 nm) is 20 times weaker than the maximum enhancement at the plasmon resonance (~600 nm), however, temperature increase is suppressed by more than 500. As we will show in the next section, this keeps the local temperature increase below 0.2 o C in our experiment condition.
Comsol Multiphysics optical and thermal simulation
To integrate optical and heat transfer simulations, we use Comsol Multiphysics (v4.4). The Frequency Domain Electromagnetic Waves module, Eigenmode solver is used to solve the cavity resonance mode. With a single 50 nm gold nanoparticle at the central corner of the nanobeam cavity, the simulated Q-factor is 2.0×10 4 , while we measure 8.2×10 3 in experiment. Once the eigenfrequency is identified, the Frequency Domain solver is used. A waveguide mode at the resonance frequency is launched to the waveguide and the input power is set at the experimental value. Note that the eigenfrequency from the Eigenmode solver could be slightly different from the Frequency Domain solver. After the resonance mode is identified in the Frequency Domain solver, the Heat Transfer in Fluids module can be used to solve the temperature distribution. This module solves the heat transfer equation
where ρ is material density, Cp is the heat capacitance at constant pressure, k is the thermal conductivity and Qh is the heat source contributed from Ohmic loss of gold nanoparticle, calculated from the Electromagnetic module. The temperature distribution at steady state is shown in Fig. 1I . At input power 5 µW at the silicon waveguide, temperature increase is about 0.2 o C. Note that the simulated Q is ~ 2 times higher than the measured Q in experiment, therefore, the experimental temperature increase is even smaller (~0.1 o C). fig. S1 . Cavity resonance measurement setup. (A) Schematics of the set-up. A tunable telecom laser (Santec) is scanned from 1480 nm to 1520 nm with a built-in motor. Once the resonance is detected, a function generator (HP) drives the piezo (not motor) that precisely modulates the laser frequency for a range of 100 pm around its resonance. Tapered optical fiber is used to couple light onto the chip and collect light from the chip. Polarization controller is used to filter out unwanted polarizations. The modulating signal and the collected signal from the output tapered fiber are recorded with a data acquisition system (National Instrument NI-6258). PD: photodetector. DAQ: data acquisition. (B) Typical transmission signal of a bare photonic crystal nanobeam cavity (without nanoparticle), obtained from motorized scanning, measured in air. Three cavity modes are identified in the range of 1480 nm to 1520 nm. The Q factors of the modes are obtained from Lorentzian fitting.
Supplementary Figures

fig. S2. Electrostatic calculation of nanoplasmonic enhancement. (A)
Schematics of the nanoparticleplane model, silicon and water dielectric constants are applied for z<0 and z>0 half plane, respectively. A gold nanoparticle is in the z>0 half plane, with 1 nm gap from the silicon-water interface (z=0 plane). In our model, the nanoparticle has diameter of 50 nm and the Johnson and Christy dielectric constants of gold (69) are applied. An electromagnetic field perpendicular to the silicon-water interface is applied, which creates a large local field Ez in the gap. (B) The field intensity enhancement (F=|Ez /E0| 2 ) with Ez averaged across the gap size along z direction is calculated. (C) The temperature increase due to the Ohmic loss of the gold nanoparticle. Fig. 3A) . The frequency of the binding events increases as the concentration increases. Simultaneous multiple binding events begin to occur at concentration above 20 nM. (D) The binding event rate R is defined from the exponential fit of the event histogram at the free (unbinding) states, as shown in fig. S5 . R scales linearly with the dsDNA concentration (linear fit r 2 =0.96), indicating that single molecule events are observed at dsDNA concentration no more than 20 nM. 
